
STATE COLLEGE OF WASHINGTON 

agricultural experiment station 

Pullman, Washington 


Division of Plant Pathol&gy : 


Fusarium Wilt of Peas with Special 
Reference to Dissemination 

by 

Kenneth J. Kadow and Leon K. Jones 


Bulletin No. 272 
July, 1932 


All bulletins of this Station are sent free to citizens of the State 
on application to the Director 



BOARD OF REGENTS 


J. H. Hulbert, President 

Walter R. Rowe 

A. W. Davis 

F. J. Wilmer 

W. A. Ritz 

E. 0. Holland 


(President of the College, 


Mount Vernon, Wa^ 

Nach «, \v as!l 

Spokane, Wash 

Rosa ^, Wash 

. . . Walla W 11a, Wa^ 
Secretary, ex-offi cio) 


EXPERIMENT STATION STAFF 

E. 0. Holland, Ph.D., President Edward 0. Johnson, M.A., Directo 

Wm. C. Kruegel, B.A., Treasurer 


f * t Aaslcultural Engineering 
L~ Jr JMUh* M.E., Agricultural Engineer in 
Charge. 

H. L. Garver, E.E., Investigator, Farm Elec- 
tricity. 1 * * 

P. C. McGrew, B.S., Agricultural Engineer. 
U.S.D.A.* 

Agronomy 

E. 0. Schafer, M.S., Agronomist in Charge. 

E. F. Gaines, D.Sc., Cerealist. 5 

A. L. Hafenrichter, Ph.D., Asst, in Farm Crops. 

S. C. Vandecaveye, Ph.D., Soil Biologist. 

L. C. Wheeting, Ph.D., Associate in Soils. 

G. 0. Baker, M.S., Assistant in Soils. 

O. E. Barbee, M.S., Asst, in Farm Crops. 
Orval A. Vogel, M.S., Agent, U. S. D. A. 1 

H. P. Singleton, M.S., Associate in Agronomy. 

Irrigation Branch Station, Prosser. 

Carl A. Larson, Ph.D., Specialist in Irrigation 
Investigations, Irrigation Branch Station, 
Prosser. 2 

Harley Jacqnot, B.S.. Asst, in Agronomy, 
Adams Branch Station, Lind. 

W. A. Rockie, B.S., Scientist in Soil Erosion. 
U. S. D. A. 2 

Animal Husbandry 

Howard Hackedom, B.S., Animal Husband- 
man in Charge. 

Jerry Sotola, M.S., Asst. Animal Husbandman. 

G. B. Swier, M.S., Asst, in Animal Husbandry. 
R. E. McCall, M.S.,A3St, in Animal Husbandry. 

Chemistry 

J. L. St. John, Ph.D., Chemist in Charge. 
Otto Johnson, M.S., Assistant Chemist. 
Kermit Groves, Ph.D., Assistant Chemist. 

Dairy Husbandry 

E. V. Ellington, B.S., Dairy Husbandman in 
Charge. 

H. A. Bendixen, M.S., Associate Dairy Hus- 

bandman. 3 

C. C. Prouty, M.S., Associate Dairy Bacteri- 
ologist. 

J. C. Knott, M.S., Superintendent Official 
Testing. 

R. E. Hodgson, M.S., Assistant Dairy Hus- 
bandman, Western Washington Experi- 
ment Station, Puyallup. 5 

Entomology & Zoology 

R. L. Webster, Ph.D., Entomologist in Charge. 

, Assoc. 

Entomologist, Wenatchee. 

Arthur J. Hanson, M.S., Assistant Entomolo- 
gist, Western Washington Experiment 
Station, Puyallup. 


Farm Management & Agricultural 
Economics 

Rex E. Willard, B.S., Agric. Economist in 
Charge. 10 

E, F. Dummeier, Ph.D., Agric. Economist 

Chester C. Hampson, M.A., Assistant Azrir.il 
tural Economist. * Cu ‘ 

K. F. Landerholm, M.S., Asst, in Farm M*n 
agement. 

A. A. Smick, M.A., Asst, in Rural Sociology 
Home Economics 

Florence Harrison, A.M., Home Economist in 
Charge. 

Evelyn H. Roberts, M.S., Research Specialist 
in Home Economics. 

VeNona W. Swartz, M.S., Research Specialist 
in Foods and Nutrition. 

Horticulture 


E. L. Overholser, Ph.D., Horticulturist in 

Charge. 

0. M. Morris, M.S., Horticulturist. 

F. L. Over ley, M.S., Associate in Horticulture 

Wenatchee. 

C. L. Vincent, M.S., AsBt. Horticulturist. 

L. L. Claypool, B.S., Asst. Horticulturist Ir- 
rigation Branch Station, Prosser. 
Kenneth A. McKenzie, M.8., Assistant in 
Horticulture, Wenatchee. 

C. D. Schwartze, B.S., Research Assistant. 
Plant Pathology 

F. D. Heald, Ph.D., Plant Pathologist in Charge, 
L. K. Jones, Ph.D., Assoc. Plant Pathologist. 
C. S. Holton, Ph.D., Agent, U. S. D. A. 5 
Poultry Husbandry 

John S, Carver., B.S., Poultry Husbandman 
in Charge. 

Donald Brazie, M.S., Asst. Poultry Husband- 
man. 


Veterinary Science 

J. W. Kalkus, D.V.S., Veterinarian in Charge. 

Western Wash. Exp. Station, Puyallup 
C- E. Sawyer, D.V.S., Research Veterinarian, 
Western Wash. Exp. Station, PuyallBp. 

Branch Stations 


H. M. Wanser, M.S., Supt. Adams Branch 
Station, Lind. 

H. P. Singleton, M.S., Superintendent, Irri- 
gation Branch Station, Prosser. 

D, J. Crowley, B.S., Specialist in Cranberry 
Investigations, Cranberry Investigations 
Laboratory, Long Beach. 

Pacifrc Northwest Soil Erosion Statioir 


W, A. Rockie, B.S., Superintendent. 

P, C, McGrew, B.S., Agricultural Engineer. 


1 In cooperation with the State Committee on the Relation of Electricity to Agriculture. 

1 In cooperation with the United States Department of Agriculture. 

•On leave. 



TABLE OF CONTENTS 

Introduction 5 

Importance and Distribution 6 

Symptoms of the. Disease g 

Hosts - 12 

Causal Organism and Us Life Cycle 12 

Pathogenicity 13 

Dissemination of the Disease 14 

Dissemination by Seed 15 

Dissemination by Threshing Machine 22 

Dissemination by Feeding Practices 23 

Dissemination by Wind 25 

Concentration of the Fungus and the Time Required for the 

Organism to Give Killing 25 

Control Measures 27 

Summary and Conclusions 28 

Literature Cited 30 


3 




fusarium wilt of peas with special 

REFERENCE TO DISSEMINATION 1 


by 

Kenneth J. Kadow* and Leon K. Jones 

INTRODUCTION 

Whenever a pea producer, whether canner, seed grower, or market 
gardener, starts activities in a given area he often finds it very convenient 
to grow his crop repeatedly on the same ground, either with infrequent 
rotation or none at all. Obviously, this practice gives rise to increased 
troubles from plant diseases. It is generally conceded by authorities of 
the pea industry that pea diseases are partially responsible for the gradual 
movement of the pea-producing center from the eastern coast of the 
United States westward, and will no doubt be the motivating factor in 
its continued movement in that direction. Pea producers now recognize 
the importance of rotation and general sanitation, and consequently, any 
movement of the center of production will from now on be much slower. 
At the present time the five greatest canning states, from the standpoint 
of acreage, are Wisconsin, New York, Minnesota, Illinois, and Maryland 
(Table 1). The largest seed producing region is in the semi-arid northwest, 
the principal states being Washington, Idaho, and Montana. California is 
also an important pea seed producing state. While these are by no means 
the only canning or seed producing areas, they are the most important ones. 

Since the first report of Fusarium wilt of peas, the disease has been 
spreading so rapidly that it was considered essential to determine some 
facts concerning the different methods of dissemination of the causative 
organism. From field observations and knowledge of the spread of 
similar diseases, several methods were considered as probably responsible 
for at least local dissemination, but there existed no good explanation for 
the spread to widely separated areas. The main purpose of these investi- 
gations was to prove experimentally how the pathogen is disseminated 

l TbeBe investigations were begun at the Washington State Agricultural Experi- 
ment Station and completed at the University of Illinois by courtesy of the Depart- 
ment of Horticulture. The writers wish to express their appreciation to Dr. B. L. 
wade, Geneticist, for advice and the supply of many samples of pure line seeds; 
*nd to Dr. H. W. Anderson, Plant Pathologist, for many helpful suggestions and 
criticisms in carrying out the experiments. 

’Portions of this manuscript submitted as partial fulfillment of requirements 
for th* degree of Master of Science at the State College of Washington. 



Table 1. Acreage of Peas Grown for Canning 
of the United States 1 

in Various Sections 

State 

Acres planted to 

canning peas 

1930 

1931 

Wisconsin 

127,000 ' 

116,000 

New York 

34,400 

33,800 

Minnesota 

17,900 

17,180 

Illinois 

12,660 

13,550 

Maryland 

13,000 

13,260 

Utah 

13,070 

6,540 

Michigan 

11,660 

12,240 

Indiana 

6,270 

6,270 

Ohio 

5,410 

5,950 

Colorado 

3,700 

3,770 

Delaware 

3,200 

2,800 


1 Estimated by the Bureau of Agricultural Economics, Division of Crop and 
Livestock Estimates of the United States Department of Agriculture. 


and thus suggest methods of its control. During the progress of the work 
it was found expedient to investigate certain other points regarding the 
disease. 


IMPORTANCE AND DISTRIBUTION 

In the important canning states the general rootrot complex and 
Fusarium wilt are the two problems that are most actively threatening 
the industry. Fusarium wilt is the only disease that is of equally great 
importance to both canners and seed producers. It was first reported 
by Jones and I^nford (2) 1 in 1924 when they were able to separate it 
from the general rootrot complex in Wisconsin, In the northwestern 
seed producing region Fusarium wilt causes greater losses than all other 
pea diseases combined. Taking the entire country into consideration it 
is without a doubt the most important pea disease. When Unford (8) 
made his national survey in 1928 he reported the disease in Wisconsin, 
Michigan, Indiana, Maryland, Pennsylvania, Ohio, Illinois, Idaho, Mon- 
tana, and possibly California. The last available report (17) has shown 
the disease to be present in California, northern Idaho, Washington, and 
Canada, in addition to the states mentioned by Unford. 

Exact figures are not available as to the degree of infestation in 
most states, but conservative estimates made by Wade (17) for eastern 
Washington and northern Idaho placed it at not less than 5 to 10 per 
cent in 1929 on 21,500 acres. The infestation of the 1930 crop is gener- 


* Reference is made by number to literature cited on page 30, 
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ally agreed to have been at least as severe, which adds another 21,500 
acres showing 5 to 10 per cent actual crop loss. The total pea producing 
area in eastern Washington and northern Idaho is between 120,000 and 
150,000 acres, half of which produces peas in a given year. In 1931 
estimates of loss over the same land that was surveyed in 1929 showed 
very definitely that 20 per cent or more of the acreage planted was wilt 
infested. The actual damage to the pea crop, however, was not propor- 
tionately increased in 1931 over 1929 to the increase in soil infestation, 
the reason being that nearly 3,000 acres of land which in 1929 scarcely 
gave the growers their seed back returned yields in 1931 of 50 per cent 
or more from partially resistant strains that were being used for seed by 
commercial seed companies on these heavily contaminated lands. 

The actual crop loss varies from a few spots in a field to almost 
complete destruction, For example, about 3,000 acres of the total area 
showed killing from 85 to 95 per cent, while the remaining infested land 
averaged about 10 per cent loss. That this problem is very important 
is shown by the fact that the acreage in which the disease occurs has 
doubled in one crop year. 

The disease was reported in the northern Idaho area for the first 
time in 1930. In 1931 it was found in trial grounds at Bonners Ferry, 
Idaho. The bulk of the damage so far is localized around Fairfield, 
Washington, although a few spots have been discovered as far south 
as Palouse (Plate I). 

Since the first report of resistance by Wade (16) in 1929, some of 

the more important seed companies have been carrying on extensive 

experiments on the development of resistant varieties of high commercial 
vatue. Their experiments have been so extensive and complete that in 
the very near future several high-grade pea varieties that are highly 
resistant to Fusarium wilt should be available. 

This disease was first recorded in Washington in 1928 from material 
sent from the pea seed-growing area near Fairfield, to the Department 
of Plant Pathology. Pullman, Washington, and was studied in more 

detail by the junior author in 1929. Inquiries made of the farmers, 

however, proved that the disease was present in this region at least four 
years prior to its identification. The first extensive survey and estimate 
of loss in Washington was made in 1929 by B. L. Wade, Mr. Cross, 
local manager of one of the seed companies in the Fairfield area, and the 
junior author. In 1931 B, L. Wade and the senior author, independently 
of each other, made further surveys of the pea wilt situation in Wash- 
ington and northern Idaho to determine, if possible, the rate of increase 
of the disease and the total infested area. Also, in 1931 the federal 
government conducted field experiments near Fairfield, testing hun- 
dreds of varieties for resistance under the direction of Doctor W. J. 
Zatimeyer. This field test was in most respects a duplicate of the tests 
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carried out at Wisconsin by Walker (18), an account of which was 
published in 1931. Definite proof that Fusarium wilt of peas may be 
seed-carried was first established by Snyder (14) in 1931. 

SYMPTOMS OF THE DISEASE 

Collectively the symptoms of Fusarium wilt of peas in a field of 
susceptible varieties are such that once familiar with them a diagnosis 
under field conditions is relatively certain (Table 3). One of the most 
outstanding field symptoms in a susceptible crop of peas is the irregular 
yellowish spotting that occurs in newly infested fields (Plate If), If ( 
however, the disease is present in a field of highly resistant plants, no 
spotting is evident and an accurate diagnosis can be had only by support- 
ing laboratory tests. Several of the symptoms associated with pea wilt 
seem to be constant under rather widely variable environmental influences, 
but many others seem to vary with environment. The lack of properly 
controlled greenhouse temperatures made experiments on factors influenc- 
ing symptoms inconclusive; however, the work by Linford (7) and field 
observations seem to indicate that the most important single factoi 
influencing symptoms is temperature. At temperatures below 65° to 
70° F. symptoms are usually not in evidence; however, under western 
conditions symptoms are very evident at maximum soil temperatures as 
high as 88° F, Experiments at Wisconsin seem to indicate that tempera- 
tures above 77° to 80° F. were not favorable for the disease. 

That other influences besides temperature affect symptoms is 
evident in the fields of the Fairfield area of Washington. In tests carried 
out by the federal government none of the seeds used were treated with 
a fungicide except the checks. In almost every instance the symptoms 
most typical of the disease (Table 3) in the West were present on the 
Sernesan-treated seed, while the untreated material varied so much in 
symptoms that oftentimes plants were taken to the laboratory to make 
sure that wilt was killing them. Because of this great variation it was 
thought advisable to run a series under controlled conditions so they 
could be observed more closely. Two hundred pure line susceptible 
Alaska seeds were used in this test. The soil was from the Fairfield 
district and was known to be badly wilt-infested. Twenty Green Admirals 
were used as checks. One hundred of the susceptible seeds were Sernesan- 
treated and the other 100 were untreated. 

Because of the great variation that occurred in symptoms they were 
recorded as typical ( + ) or not typical ("). Every time a plant wilted 
it was taken to the laboratory and isolations were made from the lowest 
internode upwards including the seventh. In no instance was a fungus 
obtained above the sixth 1 . 

1 Isolations made from plants grown in the field in the summer of 1931 never 
yielded fungi above the fifth node and most usually not above the Jourtn 
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Table 2, Seed Treatment and Its Relation to Symptoms and Extent 
of Invasion by Wilt and Other Fungi 1 


Isda- 

Internode and result 

Symp- 

toms 

Isola- 1 
tion 

Internode and result 9ymp- 








ivnis 

No. 

1 

1 2 

3 

4 

5 6 7 


No. 

12 3 

4 

5 6 7 

4- + 

4- 

+ 


Typical 

38 | 

4-4-4- 

+ 

j Typical 

2 

— + 

+ 

4- 

+ 

+ 

39 

4-4-4- 


1 + 

3 

— + 

4- 

+ 

4- 

+ 

40 

— 4- 4* 

4- 

4- ! 4- 

4 

+ + 

4- 


+ 

+ 

41 

4-4-4- 

+ 

4- '! 4- 


+ + 

4- 

+ 


+ 

42 

+■ 

4- 

! 4- 

6 

+ 4- 

4- 

+ 


+ 

43 

— + + 


’ + 

7 

— + 

4- 

+ 


+ 

44 

'-4- 4- 

4- 

+ !■ + 

g 

— + 

4- 

+ 

+ 

+ 

1 45 

- 1 - + + 

+ 

j + 

9 

- 

+ 



+ 

: 46 

4-4-4- 

4- 

-f i 4- 

10 

— +• 

4- 

+ 


4- 

i 47 

4-4-4- 

+ 

4- I 4- 

11 

r + 

+ 



+ 

■ 48 

— t- + 

4- 

4- 4- 

12 

•f .+ 

+ 

+ 

4- 

+ 

! 49 

— 4-4- 

+ 

4- 

13 

4- -r 

4- 

4- 


+ 

50 

4- 

-r 

+ 

14 

— 4- 

4- 

+ 

+ 

+ 

51 

+ 

4- 

i + 

15 

— -r 

+ 



4- 

, 52 

4-4-4- 

4- 

+ 

16 

-f- 4- 

4- 

+ 


4- 

53 

4-4-4- 

4- 

4- 

17 

- -r 

4- 



4- 

54 

-4-4- 

+ 

4- 

18 ! 

4- 4- 

4- 

+ 

4- 

4- 

55 i 

4-4-4- 

4- 

+ : +- 

19 

4- + 

4- 



4- 

56 ; 

+ 


4- 

20 ! 

— 4- 

+ 

T 


+ 

57 i 

4- 4* 

4- 

4- 

21 

f + 

4- 

+ 

4- + 

4- 

■ 58 ; 

-4-4- 

4- 

; + 

22 

— +■ 

+ 

4- 

4- 

+ 

59 ; 

-4-4- 

4- 

4- 4- 

23 

r- + 

-f- 

+ 


+ 

60 

— — + 

+ 

!■ 4- + 

24 

4- + 

4- 



4- 

61 

+ 

+ 

+ 

25 

— 

+ 



+ 

62 

— 4-4- 

4- 

4- 

26 

4- + 

+■ 



4- 

63 

4-4-4- 

+ 

4- 

27 

— + 

+ 

4- 

+ 

4- 

64 

— 4-4- 

+ 

4- 4- 

28 

— 4- 

4- 



4- 

65 

— 4-4- 

4- 

4- + 

29 

4- 4- 

+ 

J. 


4- 

66 

+ 


4- 

30 

— + 

4- 



+ 

. 67 

-4-4- 


4- 

31 

!- + 

+ 

+ 


+ 

. 68 

4-4-4- 

4- 

4- 

32 

— 4- 

+ 

4- 


+ 

‘ 69 

4- 

+ 

+ 

33 

— 

4* 

4- 

4- 

j + 

70 

4- 4- 


+ 

34 

| 

4* 



! + 

71 

4-4-4- 

4- 

+ 4- 

35 



4- 


+ 

72 

4-4-4- 


+ 

36 

j 4- + 

+ 

+ 


+ 

73 

— 4-4- 

4- 

4- + 

37 

| +. + 

4- 

4- 


j 4- 

74 

4- 4- 4- 


+ 


’Pure line susceptible Alaska seeds used. This series of 100 seeds was 
Semesan-treated. 


If a fungus was obtained that culturally looked like the wilt organism, 
it was recorded as ( + ) ; if it was mixed with other fungi it was recorded 
as (-). Isolations were made from 69 plants from untreated seeds and 74 
from treated seeds. Isolations were usually made from five to nine days 
after the first symptoms appeared. All 74 of the plants from treated 
seeds gave typical symptoms (Table 2). Isolations from these plants 
gave cultures comparable to the wilt fungus with the exception of the 
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lowest internode in 38 instances and the second lowest in 11 which were 
overrun with bacteria and secondary fungi. Fusarium martii App. & 
Wr. var. pisi F. R. Jones (1) was quite abundant in these cases. Of 
the 69 isolations made from plants of non-treated seeds, 22 gave typical 
symptoms (Table 2-A) and cultures similar to the wilt cultures used for 
comparisons from all but the lowest internode in 14 cases. The other 


Table 2-A. Seed Treatment and Its Relation to Symptoms and Extent 
of Invasion by Wilt and Other Fungi 1 


Isola- 

Internode and result 

Symp- 

Isola- 

Internode and result 

Symp- 













No. 

1 2 

3 

4 

5 6 7 


No. 

1 2 

3 

4 

5 6 7 


1 

+ — 





+ 

- 

36 


+ 

+ 



2 

— 

— 

+ 

+ 


37 

— 

— 



— 

3 

— 

— 

+ 

+ 


38 

— . . — 

— 

— 


— 

4 

— 

— 

+ 

+ 

- 

39 

— + 

+ 

+ 

+ 

+ 

5 

— 

— 

— 

+ 

- 

40 

— 

+ 

— 

+ 

+ 

6 

•f — 

— 

— 

— 

* 

41 

— 

+ 

-1- 


— 

7 

— 

— 

— 

+ 

+ 

42 

— 

— 



— 

8 

— + 

+ 

-r 

+ 

+ 

43 

— 

— 



— 

9 

— + 

+ 

+ 

+ 

+ 

44 

— 

+ 



— 

10 

— + 

— 

+ 

+ + 

+ 

45 

— 

+ 

+ 


— 

11 

— 

— 

+ 


- 

46 

— 

+ 



— 

12 

— 

— 

— 

+ 

- 

47 

— 

+ 



— 

13 

— 

— 

+ 


“ 

48 

— 

+ 

+ 


; — 

14 

— 

— 

— 


- 

49 

— 

— 

— 


— 

15 

— 

— 

— 


- 

50 

— + 

+ 

+ 


+ 

16 

— 

— 

+ 

+ 

+ 

51 

+ — 

— 

+ 


+ 

17 

— 

— 

— 

+ 

! 

52 

— + 

+ 

+ 

+ 


18 

+ — 
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- 

53 

— 

— 

+ 


+ 

19 

+ + 

+ 

+ 


' + 

54 

— + 

+ 

+ 


i + 

20 

— + 

+ 

+ 

+ 

! + 

55 

— 

+ 

+ 


+ 

21 

+ — 

— 

+ 


] 

56 

— + 

+ 



• r 

22 

— 

+ 



\ 

57 

— + 

+ 




23 



+ 



• 

58 

— 

+ 




24 

— + 

+ 

+ 


+ 

59 

— 

+ 

+ 



25 

— 

— 

+ 


- 

60 

— — 

— 

— 



26 

— + 

+ 

+ 

+ 

+ 

61 

— 

— 

+ 


_ 

27 

— 

— 

— 


- 

62 

— 

— 

— 

4* 

~ 

28 

— 

— 

— 


- 

63 

+ + 

+ 

+ 



29 

— 

+ 

+ 


- 

64 

+ — 

— 



+ 

30 

— 

+ 



- 

65 

+ + 

+ 



+ 

31 

— 

— 



- 

66 

— 

+ 

+ 



32 

— 

— 

+ 


- 

! 67 

- — 

— 

— 


- 

33 

— 

+ 



* 

i 68 

— 

+ 

-1 



34 

— 

+ 



- 

i 69 

— 

+ 




35 

— 

+ 





1 Che 

cks 3 

— 

— 


= 


ipure line susceptible Alaska seeds used. This series of 100 seeds was not 


Semesan-treated. 

2 Twenty Green Admiral plants grown on wilt-infested soil were 
All remained healthy. 


used as checks. 
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47 isolations, however, gave non-typical symptoms and typical wilt cultures 
only from the highest intemode with 11 exceptions which gave them from 
the second highest. All the other isolations were overrun with 
other fungi. Field observations and this experimental evidence both indi- 
cate that other fungi, whether mildly parasitic or not, play an important 
role in relation to wilt symptoms. They also indicate that Semesan tends 
to inhibit the invasion of the plant by other fungi, but plays no part in 
checking invasions by Fusarium wilt that is already established in the 
soil. The checks (Table 2-A) in this experiment all remained healthy. 

No uniform difference in symptoms was observed by comparing plants 
grown on inoculated, sterilized, brown silt loam soil with inoculated, 
sterilized sandy loam soil. On account of the sterilization of the soil 
and the limited types used, this test cannot be considered conclusive 
although it indicates that soil differences are not as important to 
expression of symptoms as temperature and other fungi in the soil. 

An excellent list of other pea diseases caused by species of Fusarium 
is given in the recent works of Jones (1) and Linford (7). None of 
the other Fusarium diseases of peas would likely be confused with pea 
wilt as caused by F. orthoceras var. pisi; consequently, no treatise of 
them will be attempted in this paper. 

HOSTS 

The principal hosts of F. orthoceras var. pisi is Pisum sativum L. 
However, not all varieties of P. sativum are susceptible to Fusarium wilt, 
but generally speaking the most desirable canning and market garden 
varieties are susceptible. Additional hosts of the disease are Vicia gigantea 
Hook., a native perennial vetch from California and Nevada, and under 
some conditions Vicia fabae L-, Sutton's New Giant Broadbean, is also 
invaded. These are the hosts originally described by Linford (7). No 
reports on additional hosts have yet been made. 

CAUSAL ORGANISM AND ITS LIFE CYCLE 

The causal organism of Fusarium wilt of peas is Fusarium orthoceras 
App. and Wr. var. pisi Linford, of the section Elegans (13 and 19). 
Linford (7) has shown the fungus to be primarily a vascular parasite 
with the principal invasion in the xylem although phloem and the elements 
around both xylem and phloem are often slightly invaded. He further 
states that the fungus enters the plant through rootlets and then passes 
through cortical and undifferentiated tissue to gain entrance into the 
vascular elements. Aside from these occasional rootlet entries, there are 
no conspicuous cortical lesions as is quite often the case with invasions 
by soil organisms. 

Under proper field conditions the wilt organism often produces a 
great many spores on the partially sluffed cortex of plants killed early 
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in the growing S€3S0n (P^ at:e HI). All of the spores in Plate III are 
not from the wilt organism, but pathogenicity tests from part of the 
same material used for the picture gave the wilt fungus in about 60 per 
cent of the cases. The macroconidi a, shown in this figure, are the type 
used for the single spore isolations discussed on page 19 under Pathogen- 
icity Microconidia usually outnumber the macroconidia about 15 to 1. 
The macroconidia usually have three but often four septae and the 
micronidia none. Most of the spores in Plate III showing one and two 
septations are spores of other fungi, most generally other Fusaria. In 
culture the pea wilt organism seldom sporulates, although it usually forms 
great numbers of chlamydospores. Unford (7) gives a detailed explana- 
tion of the morphology and cultural appearance of the fungus. 

It is generally agreed by those familiar with the disease that the 
fungus remains viable in the soil for several years, thus making rotation 
a rather inadequate means of control once the fungus has become estab- 
lished. An accurate statement of how long the fungus remains viable in 
the soil is not available at this time. The most important means of 
dissemination are discussed in full later in this paper, 

PATHOGENICITY 

No detailed studies have been reported so far that have adequately 
tested different isolation for possible physiologic forms of the organism. 
There is evidence, however, that some variation of host selection by the 
fungus exists. Idnford (7) reports that from 1 IS inoculations made only 
75 gave positive results. In experiments by the writers, it was possible 
to get single spore cultures from spores (Plate III) taken from partially 
sluffed cortex of plants killed early in the growing season. Three series 
(Tabic 4), each from single spore isolations with six sub-cultures from 
each single spore culture, were grown on sterilized oats and inoculated 
into wilt-free soil. Pure line susceptible Alaska peas were planted in 
this inoculated soil. In series 1, only 46 of the 78 plants were killed; 
all of the plants in two of the six pots involved remained healthy. 
Careful examination of the cultures used in the duplicate tests gave no 
clue to a possible explanation, although the results were quite similar. 
In all but one case (Pot 6 Series I) either all plants or none were killed 
in a given pot In Pot 1 Series 3, five plants were still apparently healthy 
after 28 days, but were killed shortly thereafter. 

To test for possible physiologic forms, Perfection variety peas were 
planted in the pots that had given negative pathogenicity tests on pure 
line susceptible Alaska, but after 30 days the plants showed no symptoms 
of the wilt disease. Further tests for host selection by the fungus were 
not made. 

Fifty isolations were made from plants showing symptoms of the 
disease during the summer from different wilt-infested areas. These 
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Table 4. Pathogenicity Tests of Cultures from Single Spore Isolations 
of the Pea Wilt Fungus 1 



Plants up 

No. killed 
in 28 days 

| Isolation results 

Series No. 

I 

n 

m 

I 

II 

in 

I 

n 

HI 

Pot No. 1 

12 

10 1 

15 

12 

] 

10 

i j 

1 10 

positive 

positive 

positive 

Pot No. 2 

14 

11 | 

14 

14 

0 

i 14 i 

positive 


positive 

Pot No. 3 

11 

15 

14 

11 

15 

14 

positive 

positive 

positive 

Pot No. 4 

15 

15 

15 

0 

15 

1 0 


positive 


Pot No. 5 

15 

15 

10 

0 

! 15 

0 i 


positive 

positive 

Pot No. 6 

11 

! 10 

10 

10 

j 10 

io ! 

i positive 

positive 

positive 

Control 7 

14 

11 

13 

0 

I o 

o ! 

1. o 

1 o 

0 


1 Pnre line susceptible Alaska peas were used in this test. 


isolations had similar cultural, characters to those exhibited by V. ortho - 
ceras var. pisi. Tests with these isolations gave only 36 positive patho- 
genicity tests on the Perfection variety peas. Further tests of these same 
cultures on Horsford. Surprise, Thomas Laxton, and pure line Alaska 
all gave similar results. 

In the early part of the summer of 1931 some diseased Blue Bantam 
variety peas were sent to the Department of Plant Pathology at the 
State College of Washington. Nineteen different isolations from this 
material gave cultures with similar characters every time ; seven additional 
isolations were badly mixed with bacteria and were discarded. The fungus 
that was repeatedly isolated ran true to type, and in every case was 
morphologically and culturally different from Unford's pea wilt organism. 
Tests on the pathogenicity of this organism involving several different 
varieties of peas in all cases were negative. It may be possible that 
temperature and moisture requirements for best development of this 
fungus are so different as compared with F. orthoceras var. pisi that the 
plants were protected. On the other hand, Blue Bantam variety pea may 
be one of only a few varieties that it attacks. Space and time would not 
permit further experiments along this line. It would seem that physiologic 
forms are a plausible explanation for the different variations observed 
by those familiar with the disease, even though attempts thus far have 
failed to establish their existence. 

DISSEMINATION 

Since the Fusarium wilt of peas was first observed in 1924, a 
knowledge of the methods of dissemination has been recognized as funda- 
mentally important. At the time the writers started these experiments no 
definite information on this phase of the problem was available, although 
Linford (7) mentions several possible means, Recently, experiments by 


14 



Snyder (14 and 15) established seed dissemination of the disease. It ha5 
been demonstrated repeatedly in relation to similar soil organisms that 
spread within a given field or vicinity may be due largely to implements 
involved in farm practices, i. e., plowing, cultivating, discing, etc. It is 
also obvious from field observations that run-off water from severe 
rains plays a certain role in dispersing the organism. While the above 
explanations may suffice for local disseminations, they certainly cannot 
he responsible for the rapid appearance of the disease in widely separated 
regions. Seed transmission would appear to be a logical explanation of 
the appearance of the disease in these areas. Considering western har- 
vesting practices, the threshing machine may be responsible for new 
appearances of the disease within a radius of 15 or 20 miles. In one! 
instance, in the summer of 1931 a threshing outfit after harvesting from 
a severely infested field was moved about 16 miles to harvest a crop that 
vvas free from the disease. Birds feeding upon worms and loose pea 
seed may be considered as possible agents of disseminations. 

Dissemination by Seed 

Because of the recent bibliography of seed-borne parasites by Orton 
(12), it seems unnecessary to repeat the list of Fusarium seed-borne 
diseases cited by him. Since his work, two additional references of 
importance to this paper have appeared. Kendrick (5) has proved seed 
dissemination of Fusarium wilt of cowpea and Snyder (14 and 15) dem- 
onstrated the same for Fusarium wilt of peas. The literature contains 
experimental proof of seed dissemination, either internal or external, of 
specific Fusarium diseases in more than 30 different instances. Several 
other cases are reported in which the species of the Fusarium is not 
known. 

In planning experiments on seed dissemination the writers considered 
the following points: Is the fungus seed-borne? If so, is it carried 
internally or externally? If it is carried by the seed, when and how 
does it become associated with them, and how long a time after it is 
introduced in a wilt-free field must elapse before the organism becomes 
sufficiently established to produce disease in plants? 

Five thousand seeds were collected from a badly infested field after 
harvest and were thoroughly cleaned by an electric fan. The seeds were 
then planted in soil known to be wilt-free. They were allowed to grow 
about 25 days from the time they first appeared above ground, after which 
time they were pulled up and a new series planted. In the succeeding 
plantings, however, only 1000 pure line susceptible Alaska seeds from wilt- 
free ground were used ; as a further precaution they were sterilized with 
SO per cent alcohol for 10 minutes and allowed to dry before being 
planted. The checks in this experiment were surface-sterilized Perfection 
seeds, also from wilt-free ground. The only means of soil contamination 
in this experiment was from the 5,000 seeds planted in Scries 1 on 
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PLATE IT 


A t'oimiu Trifl] field of a susceptible variety of peas on wiit-ii 
sliowinp miniernus areas of wilted plants. Wilt ares', outlined. 


felted 






PLATK IV 


Susceptible and resistant varieties of peas grown in wilt-infested ^ i ■*- 
graph by courtesy of Dr. Ft. L. Wade). 

(Left) Susceptible variety — cross between Dwarf Giant by Gracin'. 

(Right) Resistant variety — pure line AJcrnss. 


disease-free soil. It will be seen from Table 5 that killing occurred in 
only one place in the seed bed and in the third series of peas. The same 
spot gave killing in the fourth series. Cultural comparisons of the isolated 
fungus showed it to be the wilt organism. Check plants showed no 

symptoms. 

The above experiment is quite similar to that conducted by Snyder 
(14 and 15) to determine whether or not seed from infested fields 
carried the disease. He planted unsterilized seed from badly wilted crops 
j n each successive planting but did not get killing until the fourth planting 
at which time killing appeared at four different points in the seed bed. 

The experiments by Snyder and the writers establish that the disease 
is seed-borne, but the exact manner has not definitely been proved. 

All the seeds used in testing for internal seed-carriage were from 
commercial plantings suffering heavy losses from wilt and harvested 
by combine except where otherwise stated. The seeds were sterilized 
externally by the same method as used by Jones (3) in his studies of 
the Ascochyta diseases of peas. In brief, one gram of calcium hypo- 
chlorite is used to every 14 cc. of distilled water. The mixture is stirred 
frequently and after 15- minutes it is filtered. The peas are allowed to 
stand with frequent stirring for about four and one-half hours in five 
times their volume of the filtrate. After this treatment the filtrate is 
poured off, and from 300 to 500 seeds are placed in each of several damp 
chambers which have about one-half inch of two per cent potato dextrose 
agar over the bottoms. A large bell jar is placed over the chambers after 
the seeds are poured into them. The damp chambers are held at room 
temperature for from 8 to 10 days, which seems to be sufficient time for 
any organism within the seed coat to grow out into the media. After 
10 days a careful examination of the fungi for the presence of Fusaria 
is made. The results of this experiment are given in Table 6. 

In considering internal sccd-carriage there are two ways in particular 
which might, under some conditions, make it possible for the pathogen 
to enter the pea seed. The more likely is the falling over of the pea 
plant so that its pods lie on moist and heavily infested ground. The 
season of 1931 was very dry in the Pacific Northwest; consequently, no 
experiments to prove this point were devised. Direct invasion through 
the vascular elements of the plant may come into play in an exceedingly 
wet growing season. Linford (7) reports the disease as being present 
frequently in the fifth and sixth internodes, but never within two nodes 
ot the lowest pod. Snyder (15) reports that in one instance out of 50 
he isolated the fungus from the stem internode immediately below the 
attachment of the iowest pod, but failed to isolate the organism from the 
pedicel and seeds of the lowest pod. 
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°ut of more than 100 attempts the writers did not isolate the fungus 
from field plants grown at Fairfield, Washington above the fifth inter- 
„ode and seldom above the fourth. It may be seen, however from 
Tables 2 and 2-A that plants grown in the greenhouse vielded the ’fungus 
several tunes from the sixth mternode. This difference is interpreted to 
be in direct relation to the growing conditions under which the olants 
developed. To study the effect of nearly moisture saturated air and so 1 on 
,he invading power of the fungus, several infected plants that had pro- 
duced their first pods were placed under a large bell jar and isolations 
were made from two to four days after each plant had wilted. In almost 
every instance the fungus was obtained from the pedicel of the lowest 
pod and m 21 cases from the suture of placentation. The seeds aseoti 
tally removed from the pods with infected sutures did not yield the fungus. 

While internal seed-carriage of the fungus might be possible under 
some conditions, it is very doubtful that it ever occurs in the field unless 
entrance is gained to the seed by pods which come in contact with infested 
soil. The pods used for the experiment recorded in Table 7 were all 
hand picked from plants that were lying on the ground. The pods were 
taken only when they were in contact with soil of infested fields which' 
at the time the pods were collected was very dry. These pods were then 


Table 7. Results of Tests to Ascertain if Fungi Enter Pods that Are 
in Contact with Soil 1 


Series 

number 

Number of 
pods and 
seeds 

j Kind of 

-seed 

| Organisms i 

| present 1 

Fusarium present 

1 

200 pods 

517 seeds 

Alaska 

2 fungi 

7 bacteria 

None 

2 

200 pods 
604 seeds 

Alaska 

1 Alternaria and 

1 Cladosporium 

5 bacteria 

None 

3 

206 pods 

619 seeds 

Alaska 

4 fungi 

9 bacteria 

None 

4 

210 pods 

564 seeds 

Perfection 

1 Alternaria 

5 bacteria 

None 

5 

198 pods 

496 seeds 

Perfection 

3 fungi 

4 bacteria 

1 Fusarium martii 
var. pisi 

(T 

1 

154 pods 

390 seeds 

Perfection 

4 fungi 

2 bacteria 

None 


1 Season and soil very dry. Seeds aseptically removed from pods. 
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taken to the laboratory and the seeds removed aseptically and placed on 
two per cent potato dextrose agar to allow organisms present to develop. 

It may be seen from this experiment that fungi do occasionally enter 
seeds when the pods are in contact with soil for some time. While treating 
seeds for internal carriage of Ascochyta sp., Jones (3) also found that 
Fusarium spp. were occasionally carried in this manner. Under moist 
conditions pod invasions by F. or t hoc eras var. pisi may become very 
numerous. The frequency with which other fungi were encountered in 
the above experiment, as shown by Table 7, makes further work on this 
point seem desirable. 

In considering external seed-carriage of Fusarium wilt of peas, several 
points of interest might well be investigated. The disease may be carried 
on or in cracks on the seed coat, as spores, chlamydospores, or even as 
fungous mycelium. Also particles of infested soil or broken fragments 
of infected plants may be carried with the seed. The possibility that 
this may occur is very likely since even seeds cleaned at large seed 
company warehouses often carry small hard particles of dirt with them. 

The following experiment was designed to determine whether or not 
the wilt organism is carried with the seed and externally of the seed coat. 
Kendrick (5) proved that the machine methods of harvesting play an 
important role in mixing the pathogen with the seed in the study of 
Fusarium wilt of cowpea. This point seems very significant in relation 
to Fusarium wilt of peas. The spores of the fungus and fungous mycelium 
enter the threshing machine with the pea plants and might easily be 
blown through the spout into the sack of pea seeds. That this is probably 
the most important method of seed contamination is shown by Table 8. 

A total of 29,000 seeds, all from badly infested fields, were tested for 
the presence of the Fusarium wilt organism on the outside of the seed. 
The pods of 2,600 seeds were hand picked from vines killed after they 
had produced their first pod as were also the 3,190 seeds mentioned in 
Table 7. The death of the plants allowed the pods to come in contact 
with soil of infested fields. None of the 5,790 hand picked seeds yielded 
the fungus although it is possible that further tests may have given 
positive results since other fungi were present in several cases. Of the 
29,000 seeds of Table 8, the remaining 26,400 were harvested by a threshing 
machine from fields showing severe loss from wilt. In this experiment 
the seeds were placed in about one and one-half their volume of sterile 
distilled water and thoroughly agitated to free fungous spores or soil 
particles that might be lodged on the seed. After 15 minutes the wash 
water was plated on two per cent potato dextrose agar with enough 
lactic acid added to keep down bacterial growth. Usually from one to 
two cc. of the wash water was poured in each plate. Any fungous 
colonies that looked like the Fusarium wilt organism were transferred and 
their pathogenicity tested. In the washings and cultures from the 29,000 
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Table 8. Test for Fusarium Wilt of Peas in Relation to External 
Carriage 


Pate 0* 
run 

Number 
of seeds 

Seed 

source , 

Variety 

Fusarium present } 

Patheo- 

genicity 

5/13/31 

f 

300 | 

1 Wade 

Perfection 1 

1 Fusarium 

_ 

5/20/31 | 

300 1 

Wade 

Perfection 1 

1 Fusarium 

— 

6/ 9/31 | 

900 

Koontz 

Alaska 

None 


6/11/31 ! 

2100 

Koontz 

Alaska 

1 Fusarium 

+ 

6/24/31 

1500 

Koontz 

Alaska 

None 


7/10/31 , 

2000 

Koontz 

Alaska 

None 


10/26/31 ! 

2000 

Walters 

Winners 

! 5 Fusaria 

1+ 

11/ 9/31 

2000 

Walters 

Winners 

! Acid too strong 
No growth 


11/19/31 

4000 

Walters 

Winners , 

None 


11/26/31 

2000 

Walters 

Winners ; 

None 


12/20/31 

1500 

Walters 

Winners 1 

None 


12/31/31 

2000 

Walters 

Winners 

2 Fusarium marti 


1/ 6/32 

2500 

Walters 

Winners 

7 Fusaria 

1+ 

1/11/32 

2000 

Walters 

Winners 

None 


1/24/32 

2000 

Koontz 

Alaska 

None 


2/ 1/32 

2000 

Houlstein 

| Alaska 1 

j None 



^Haml picked pods; al] others harvested by threshing machine. All produced at 
Fairfield, Washington. 


seeds, three colonies of F. orthoceras var. pisi were obtained. U was 
proved by inoculation of wilt-free soil that the organism isolated in each 
of the three cases was pathogenic on pea plants. Increases of the three 
fungi tested were made on sterilized natural oat media. After three 
large pots of wilt-free soil were inoculated with the cultures, 15 pure 
line Alaska seeds were planted in each of them ; 39 of the plants came 
up and all were killed by wilt. Reisolations from six plants, two from 
each pot, showed the fungi to be the same as those used for the inoculum. 
Ten of the same lot of seed were planted on wilt-free soil and were used 
as checks. Nine of the plants came up and all remained healthy. 

Snyder (14 and 15) reports four separate cases of wilt developing 
from about 10,000 seeds from wilted fields. Observations by the writers 
made in fields showing wilt for the first time indicate that in a field, 
using the same lot of seed for entire planting, points of infestation will 
often average from one to as high as three per acre. There are about 
125,000 Alaska seeds to a bushel and plantings range from one and one- 
half to five bushels per acre, with two bushels an approximate average 
in the West. 
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Tn Illinois, Wisconsin, and other central states, four bushels to the 
acre of the smooth varieties and five of the wrinkled sweets are usually 
planted. When four bushels of Alaska are used there would be nearly 
500,000 seeds to every acre. It is very doubtful if seeds for commercial 
plantings are often as heavily infested as those used by Snyder and the 
writers for their experiments, but, if normal seed-carriage from infested 
fields was only about one-fifteenth of that reported by the above experi- 
menters, the dissemination would exceed the actual conditions observed 
by the writers. From field observations and experiments it would seem 
that seed dissemination of Fusarium wilt of peas is probably one of the 
most important methods of its spread, especially into widely separated 
areas. 

In early November, 1931, 100 Alaska seeds were thoroughly washed 
and sterilized in alcohol and, after they had dried, they were atomized 
with a spore suspension made from scrapings from the base of early- 
killed plants. Two days after the seeds were atomized they were fanned 
for one-half hour with an electric fan to free them from small panicles 
of infected plant tissue. They were then placed in a flask and stored 
till late March, 1932, after which time each seed was placed, one at a 
time to assure their freeness from dirt and plant debris, on two per 
cent dextrose potato lactic acid agar. 

The object of this experiment was to ascertain whether or not the 
wilt-fungous spores would live through the winter under storage con- 
ditions free from dirt and plant debris. 

Of the 100 seeds discussed above, nine gave typical colonies, from 
a cultural and morphological point of view, of the Fusarium wilt organism. 
Cultures that were so badly mixed with other fungi that no attempt to 
separate them was made were obtained from 26 seeds. The remaining 
65 seeds remained sterile. 

The results are inconclusive because the seeds were stored in a lab- 
oratory store room which is considerably different from a seed company’s 
or farmer’s storage plant. They do indicate, however, that the spores 
do not readily become dessicated and may adhere directly to a seed coat. 

Dissemination by the Threshing Machine 

Considering the disease in the seed-producing areas, the threshing 
machine is one of the principal means of its spread. Diseased plants 
and infested dirt enter the machine at one spot in a field and may be 
dropped several hundred feet away on heretofore wilt-free soil. Also, 
dust and fragments of diseased plants collect on the machine and ma> bt 
carried miles away to other fields. Through the wholehearted cooperation 
of several of the leading farmers of the Fairfield area, samples of dust 
from threshing machines were collected at different times after infested 
fields had been harvested. 
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The dust samples were mixed one to one with wilt-free soil and 
planted to susceptible plants (Table 9). As soon as the plants died, 
isolations were made. Few plants died in the first series, but many 
jilted in the second series of plants grown in the same pots. The checks 
remained healthy. 

From these results it would seem that after harvesting over land 
known to be infested with wilt, the threshing machine should be thoroughly 
cleaned before it is moved to harvest on wilt-free soil. 

Dissemination by Feeding Practices 

It is a general practice in the Fairfield area to collect the pea plants 
after harvest and feed them to livestock. The manure is usually 
returned to the fields. With the aid of Mr. Hayes and Mr. Houlstein, 
both Fairfield farmers, two horses were penned up for two days 
without feed but with plenty of water. They were then fed on plants 
that had been killed by Fusarium wilt. The feces were mixed with wilt- 
free soil and Perfection peas were planted. The killing shown in Table 9 
for this experiment was due to damping off fungi and not the wilt 
organism. 

This experiment was designed to determine whether or not the wilt 
spores remained viable after passage through the digestive tract of the 
animals. The plants grew very rapidly and were exceedingly vigorous in 
appearance. Except for two plants killed in the seedling stage in Scries 1 
by a root rotting complex, all remained healthy. 

The possibility of birds spreading the disease for great distances 
should not be overlooked. They feed upon worms and pea seeds from 
infested fields and may pass the remains many miles from an infected 
area. At the time this experiment was attempted, no wild birds were 
available and White Leghorn chickens were used instead. The chickens 
were not fed for 24 hours and then one of them was fed only pea seeds 
which had been thoroughly mixed with scrapings from early killed plants. 
The other was fed on an oat culture of the fungus which had great 
quantities of chi amydo spores present. Both chickens were fed for two 
days and the feces collected for the second day and for one day after 
feeding was discontinued. A small quantity of spores of F. martii var. 
pisi were mixed with both feedings to see if they would pass through 
the birds since these spores are thick walled and appear to be very 
resistant 

The feces were mixed thoroughly with sterile distilled water and 
plated on two per cent potato dextrose agar in which enough lactic acid 
was added to prevent the development of bacteria. The spores of 
F martii var. pisi remained viable but no colonies were present that 
were typical of F. ortkoceras var. pisi. 
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The wilt organism may have been killed outright in the digestive tract 
of the chickens, or the true cultural characters of the wilt fungus were 
obliterated by scores of Penicillia and other fungi that were so predomi- 
nant on the culture plates. 

Dissemination by Wind 

The exact role played by the wind in the dissemination of pea wilt 
is not known. It has been observed that plants killed by the fungus are 
often carried distances beyond observation by whirlwinds and wind 
storms. When the soil is dry it is blown freely by high winds, and there 
is little doubt that spores of the wilt fungus may be blown some distances 
with it. Due to the dryness of the soil, the frequent high winds which 
prevail in the Pacific Northwest may play an important part in the 
rapid spread of the disease. Field observations support this contention. 


CONCENTRATION OF THE FUNGUS AND TIME 
REQUIRED FOR ORGANISM TO GIVE KILLING 

In checking on the origin of seed with relation to the first appearances 
of Fusarium wilt of peas in a given field and results obtained by the 
writers (Tables 5 and 10), it appears that under normal field conditions 
the organism requires at least one year after being introduced to establish 
itself enough to give killing. Whether this requirement is due to a lack 
of quantity of the fungus or to relation with other soil fungi has not 
yet been ascertained. Linford (10) shows that heavily infested soil may 
be mixed with wilt-free soil at a ratio of one inf ested-soil part to 32 
wilt-frcc soil parts and killing will still be obtained. A duplicate of 
Unford's experiment by the authors of this paper involving only unster- 
ilized soil gave similar results in all but one case. Out of 15 susceptible 
plants in a dilution of 1 to 64, three plants died of wilt. These experi- 
ments would indicate that a very small quantity of the fungus is all that 
is needed for immediate killing, but the following experiment by the 
writers (Table 10) seems to indicate that establishment in the soil is more 
important than quantity although quantity has apparently a direct relation 
on the time required for establishment of the fungus. Large amounts 
of the fungus mixed with soil usually give killing the first time peas are 
planted in it, but not always. 

In the soil dilution experiments by Linford and by the writers, no 
definite concept of the actual number of spores or amount of mycelium 
in each dilution could possibly be had. In the following experiment 
the authors have shown in a rather vague way just how much of the 
fungus must he present to give killing. There are a great many shortcom- 
ings in this experiment, but to those especially interested in Fusarium 
wilt of peas it may have some significance, 
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Table 10. Amount of fungus and Time Required to Give Killing 
of Pea Plants Grown from Untreated Perfection Seed 




First planting 

Second planting in same pots 

Number 
of squares 

No, of plants 

Isolation 

results 

No, of plants 

| Isolation 
: results 

Up 

Killed 

Up 

Killed 


1 

2 

0 


5 

0 



2 

2 

0 


5 

0 



4 

3 

0 


4 

1 

4 


8 

1 

0 


5 

3 

4 

Series I 

16 

2 

2 

+ 

5 

1 

mixed 


32 

2 

0 


5' 

1 

4 


64 

2 

0 


4 

2 

4 


128 

2 

1 

4 

3 

4 

mixed 


256 

2 

0 


5 

2 

4 


Checks 

12 

0 


10 

0 



1 

2 

0 


4 

0 



2 

2 

1 

4 - 

4 

2 

: 4 


4 

2 

1 

4 

5 

2 

4 


8 

2 

0 


5 

0 


Series II 

16 

2 

0 


5 

2 

4 


32 

2 

0 


5 

3 

4 


64 

2 

1 

mixed 

5 

4 

4 


128 

2 

2 

4* 

5 

5 

4 


256 

1 

1 

' damped 

5 

5 

4 





off 





Checks 

10 

0 


8 

0 



1 

2 

0 


5 

0 



2 

1 

1 

+ 

4 

0 



4 

2 

0 


5 

0 



8 

2 

0 


4 

2 

4 

Series III 

16 

1 

0 


5 

5 

4 


32 

2 

2 

4 

4 

3 

mixed 


64 

2 

0 


5 

4 

4 


128 

2 

1 

4 

5 

1 

damped off 


256 

2 

0 


5 

2 

4 


Checks 

10 

0 

i 

9 

0 
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The wilt organism was grown on very thin layers of two per cent 
potato dextrose agar for three weeks at its optimum temperature A razor 
was then used to cut the cultures into onc-eighth inch squares. Pots 
were filled with wilt- free soil and one square placed in the first and 
doubled in each pot thereafter until there were 256 squares in the last 
pot. A small hole was made in the soil in which the squares were placed 
A layer of soil about one-quarter inch thick was placed over the squares 
Perfection seeds were then planted in the holes. In the first planting 
of the first three series (Table 10), it may be seen that 13 plants were 
killed, 11 of which yielded the wilt organism upon isolation. In the 
second planting of the same three series, however, 54 plants were killed 
and 45 yielded cultures of the wilt organism. The results of this experi- 
ment seem to indicate that, in general, some time is required for the 
fungus to become established in the soil. 

The experiment by Snyder (14 and 15) also seems to indicate that 
some time is required for the fungus to become established in the soil 
after it is introduced. 


CONTROL MEASURES 

Once Fusarium wilt becomes established in a field, the outstanding 
method of control from a commercial standpoint is the use of resistant 
varieties (Plate I\ ). Walker (18) shows the degree of resistance and 
susceptibility of all commercially important varieties. According to 
Walker, a few of the most generally used canning and market garden 
varieties are as follows: 


Susceptible 

Alaska (varies from 100% sus- 
ceptible to 100% resistant) 
Ilorsford 
Surprise 
Lax Ionian 
Thomas Laxton 
Winners 
Perfection 
Advancer 
Abundance 
First on the Market 
Improved Stratagem 


Resistant 

Green Admiral 
Horal 

Improved Surprise 
Prince of Wales 
Senator 
Roger’s K 
Bruce 

First of All 
Dwarf Telephone 
A1 cross 
Giant Butter 
Stratagem 


The use of seed from non-infested fields will no doubt delay the 
appearance of the disease in non-infested areas ; once it appears, however 
resistant varieties should be used. 

Avoid as much as possible transfer of soil from infested to wilt- 
free fields. 
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Thoroughly clean all dust and debris from threshing machines after 
harvesting a wilt-infested field. This should be done even though the 
field may have been planted to resistant varieties. 

Vines from infested fields should be destroyed. They may be used 
for silage, but direct feeding to animals may spread the disease although 
experimental tests fail to prove this point as yet. 

From the standpoint of pea diseases in general, a rotation of from 
three to five years, where practicable, would certainly be expedient. The 
advice of your station plant pathologist should be sought on this point 


SUMMARY AND CONCLUSIONS 

1. Fusarium ortho cer as App. and Wr. var. pisi Linford is at the 
present time the most destructive disease of peas. 

2. No host specialization of the fungus has been demonstrated 
although observations seem to indicate that it exists. 

3. Semesan seems to inhibit secondary invasions by other fungi 
although it apparently plays no part in checking infections by Fusarium 
wilt. Plants from Semesan-treated seed killed by wilt usually display 
more in detail and more accurately the symptoms of Fusarium wilt. 

4. Temperature and certain fungi of the soil seem to be the most 
important single factors directly influencing symptoms. 

5. Semesan treatment of seed is of no value in reducing wilt infection 
once the organism is established in a field. Semesan does, however, inhibit 
invasion by other fungi such as Fusarium martii var. pisi. 

6. Fusarium wilt of peas is seed-borne. Preliminary tests failed to 
establish internal seed- carriage, although it is thought under some con- 
ditions to be possible. External seed-carriage is an important method of 
introduction of wilt into new fields. 

7. The combine harvester plays an important role in local dissemina- 
tion, as do also other farm implements, and is largely responsible for 
mixing of fungous spores, debris, and dirt with seeds. 

8. The practice of feeding diseased vines to animals is not recom- 
mended although preliminary tests did not 3 how that wilt spores remain 
viable after passage through their alimentary tracts. 

9. Dissemination by birds is not considered of much importance, 
although it may be possible. Laboratory tests gave negative results for 
wilt spores after passage through the digestive tract of chickens. However, 
spores of F. martii var, pisi remained viable. 
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10. Dissemination of the wilt disease by wind may under some con- 
ditions be very important in a given vicinity. 

11 It seems that at least one year is required after wilt is introduced 
into a wilt-free field to give killing. Experiments to determine the reason 
{or this time requirement were not conclusive. 

12 Use of resistant varieties appears to be the only means of control 
a fier the disease becomes established in the field. However, general 
sanitation, crop rotation, and seed sterilization are all very good practices 
for pea culture in general. 
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